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&&3t&ft%rm&ft®& s nvt i wbm w f ntf €i«&t> 

"BMP' X 

Mifc 1004-A ^^t^ife 1004-B &&#$ri«. 1(0X0)2 &#-%Jg» 
1002 64***&**JE*jt#*jfc* 1002-L1 

ft* 1002-L2. ^t*# 1004-A A*****. 1002- 
LI 1002-L2, ®}l&&tm& 1004-B- £ 

1002-L1 t ******* fc*. X&&#$r«. 1002-L2 f 

Jl* BMF © *fl N©.S s lS)l,ei ^ Q LaiH-open No. Hd 

B IB ®sfeifcit#-^^t^^^^^^ 0 &tH£i& 1004-C 
ffctt 1004-B 1002 1002 

|t^J£^^,#^» 1002=0, 1002-L4, 
^&£fe|U&.£-fi$ifc#4frSfc#. 1002-LSo JUbtftM 1004-C 
-f, 1002-L3 tfeifcjt^itifefclfc. 1002-L4 

f££ A 1002-L5 t*&£jE«*ifc*fc*. 

■f A, a***^**JUj&f *Jfc 1004-B 

-feMLft.*-***. |^Bt, #Jkt*# 1004-B JUL^Mf , ^# 
1002-L5 tfe&jE.t***Mt. &&#3«J& 1002-L4 t^£A 

£-£&fttt4iJ& 1002-0 t^t£-E.#ra£:-&fe-fL -fjt, # 

1004-C &IC&#«&$t;t 
poweir s©Mtoms inn optol fnlbeins whfln periodic dISspeirsnoini mMnagemeiniit 5 ' 
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( N.J.Smith, F.M. Knox, N.J. Doran, KJ. Blow and L Bennion: 
Electronics Letters, Vol. 31, No.l, p54-p55, 4th Jan. 1996 h ifc i: 

" Energy-scaling characteristics of solitons in strongly dispersion- 
managed fibers" ( N.J. Smith, N.J. Doran, F.M. Knox, and W. Forysak: 
Optics Letters, Vol. 21, No. 24, pl981-pl983, 15th Dec. 1966 X fyibX. "40 
Gbit/sxl6 WDM transmission over 2000 km using dispersion managed 
low-nonlinear fiber span" ( Itsuro Morita, Keiji Tanata, Noburu 
Edagawa and Masatoshi Suzuki: ECOC 2000, Vol. 4, p25-p26, 2000 ) f. 

jL&kA§L%- t $t&)&fr1p Raman 

m 2A 2B A t#L¥j&&4\>fe/frj? Raman 

1004-A 1004-E 1002 + 1004- 
E i*i*:#*)tJfc* 1005-E, % Raman ik&tL&ZLlM 1002 

&^*^"^^^r^^6t^#^^ 1002-L6 1002-L6 

4T4t'h4T*A^^ jt#lk-lMI> 1002-L7, JL^^jf 1005-E 

l(m + 1004-A, 1002-L6 

^£4f-&-£M8- 1002-L7, ^iH^t^i* 1004-E, 1002 

t^*.**** Raman ^ ft 

^^^./L^^^^. ^-T^, Raman it*, 

1004-A #*frife;fcfe^;fct^i* 1004-E & 

^^"^L^^t^i^^, # Raman ^ DMF 

"40 Gbit/sx8 NZR WDM transmission experiment over 80 
kmx5-span using distributed Raman amplification in RDF" ( R Ohhira, 
Y. Yano, A. Noda, Y. Suzuki, C. Kurioka, M. Tachigori, S. Moribayashi, 



ffL Funtactiia, T. Onn© annd T, SmizaMs ECOC '99, 26=30, jp!76=pl77, §ep 0 
1999, Nice, Frame© ) 

^„ gib, ^#it>si.ife^#--fi^^tMi* 1004=A 

#&ft^ti&fttt*M- 1002-L8 1002=0 
fatt^St^ 1002=JL9. &#$^J& 1002-L8 J§ifc t**# 1004=A 




ampMleaMoE " ( T©sflassiM Okunmo, Tetsmfforaii Ibnnzalkn snmdl MasayuM 



NDsMnmura: B=10=ll<5>, the 2000 Sodteily Comffeireimee ©IT tine Innsttfitotte of 
Eleciironncs, Imformmsittnoim anndl CommmiDiflcsitiioiDi Ennginneeirs ) 

m 2A 2B #r^*£UM^ Mf#M^.^4* fo$tm ^#L^, 

j&*h ia ib j% m 2a 2b #if*4i#.+, at4r#ii->A'& 



&te*#t-*PE: (middle field) #-#;fc£f, ^^£##^41:*:^^ 

*£.tt**4->Miti, 
^-#it^(fiber line)^^«it^li^jt^^^jtjb«. i£&£f- 

it £ftf Di flfrisi**-* 6*4-4- Si di/si, /L-^-f 

#— ****** MtMt D2 I*i«*it*fc*4-4 S2 D2/S2. 

Dl MMMkM. LI DLLl, ^*J=.**f-«4it 

£Mt*it D2 L2 tf^UU*. /M^Hr^. 35 



(a) — (ib) jt—iMt^. 
tt&irs-aitJlt— 4t4HM-*i (c) 



##. MM*. *-**^*#f^*jE#fc|t0L *A 

4Ul4t$.i)t£, &4M> Raman A*., i&fc (b) — ^ibtM 

#*, Raman 

&^&m.S±fttkg.&4*r&ilt$L Raman ifc*L. 

Hit** A*. tt£*£*ft4Hfrfti^#&jtA, WWt#ft 
JMMMtlttt Raman it*.. iUf# Dl flfrfll*** 

Mt#+ SI Dl/Sl, /L^^3^;fc^tf&#Mt&lt D2 



#L Mamam &ft|l— „ ^^-^^=-ife#f s 

^^^^^ijt^-f-. it*.*****-*-!- . 4H&**.ft&»-g-4L£. 
#4frlW-ft*-- 4fcfc*ftifcflr-l-iUi|t— #*4UMHM.4t— 
*, istX. (d) &4Mttt, ^~;fc#^J&ft3£~i& 
«MU£*.ft JL !>' # — Jf — 4t*4UM>- &&i&gML-&ft # 
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Raman i&L^. 

ifitJ.^-. *~**.2L*#f*.-4N*Bi-, Raman it*.. 

S 1A ^ IB Sr 

® 2A 2B A^S, ® &^#^^##/^^ Raman 

Raman it*.S^^> ii(aut^^ X#^6-ft^*IK; 

m5A. 5B> 5C^5D«JM^&93 ft* J*$Mt4fclfriM* 

®6^*^g, *JR4^*.«^— * B JI £ Raman ifc 

Raman *f7£*f JL#;f!ii£&; 

S8^m *JMJt«#§-^*«M, 4L91&SNRJI Raman 
*r/*JtJUHll£**; 



®9^M, JMfr&Ji Raman ^/ 

B IDA* 10B£*I%H. ^m^iLB^^-^^^, JUHASNR 
^ Raman *f-/£*t£.tife££ $; 

^tifeX&ftiKjaUMt-* Raman fl7JUtJU**i.2.£*; 
^##8fL®; 

® 13A#* 13BA*^@, l*JM^« £93* SNR 

^ Raman fa X£ &; 

S 14A*> 14B£*J*B, 4*flM^93 SNR 
i§ Raman JU»4l££ * ( ^ 0.5, 4t«tJMMfcJt: 

100km, 50km); 

S 15A^ 15BA*^S, J*JM^A.tt«i--*&4M«, £93* SNR 
-5 Raman 1t/&%M&X&& ( 1, 
100km, 50km); 

® 16 ^^JLHj^->h^^, £« (A£ 2) 

*# Jii?;fc SNR ^^5.^: ft; 

#*il3li£tf##; 

® 18 &m&2L*m-+£&W, ***Airfttfct- 

*hfct*M;tt^#; 

® 19^^®, #JM^£« ®ife*ii/f|-ftg&t-- 
#*&*ti*#^;ft; 

Q 20A, 20B 20C & 
£4M*#(splicing)# ^; 

© 22A#> 22B ^JM^fcEtt 
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6 4A. 4B 4C &&;Ml$#-^^&#J, 
Raman xt^%rtfj£#i, M2LjkJ/f-J% K^^fe-ft^ *&, *£e>&;fc 

3ML-M"ffl 3*»H 4A, 4BJ314C, £ii^J^fe&4JL4Ufc 101, it 
jSi&Jfc 101 "m" >h) *W*iUfc#*JU8*MU&-- 

4** WDM fciz -f-. WDM it-ft^", 102 iSL^lJ.* 

&j|tJ& 103. ifc#4t^ 103 WDM ifc-ft-f", #*tS?£#-jJ£# WDM 
it-fT-f". 102 ( © 3 Ji*.* A, itJL® 4A 

t#3Utifc& 105-B) 102 

m 3 t A&ti&ftJMM- 102 102-1 M. 102-a+l 

^® 4A f Aftti£4t4frJMt 102 102-L1. 102- 

L2 102-L3 #jdt. 

;fct^ 104 ( ® 3 +^«J*itt*»- 104-1 _£ 104a fc® 4A 

t # 104-A 104-B 4L* ) i£#£ifcii/fr & gLfh&jLftifci&Q. 102 . 
^^t^ 104 ***JL-f 102 ti^MH^&tafrft 

*Ml|bJ. + 104 4A t^tt^5* 104-B 

105-B), Ai&#*lMI- 102 4t#KLitib, ^-f^Ait*.: 

^tJ^MP^HflJ^fe WDM &4r^4t&.£3l;t4fr!fcA« 

*^/#-«PdHJ*»^/#^A*, wdm ife>fr-f t#A/ 

^A^l^il^it'fr-?-. rf&JL, (*»® 4A ttf3U£:fc& 105- 

B) 103 fy. 
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#$T» 1Q2-L1* i§ 102-L1 &#JL#*Mi.*.-f & 

102-Ll #4£&tt4t~&#4ft-ftJ*- 102-1L2* frJ£ 
& 102-L2 *#JMM*fl-*-f* .=.A#feftlt 102-L2 ^# 

$r^» 102=0. &#tt4UI- ito-Li J* JL-f wbm AflMf- 

X % sJbft-*Jfcit 102=0 WDM KM^l&'fr 1% T M 

104-B^# ( M-fafem 3 +, -5**lfcJfc 103 &«X 

it & Raunmann AAlNNfcJt- 102 ti#«NIMfcft*|4MI. 

jfc«*»Ti3l + 104 4A tt$3Uiifc& 105-B) AttiMt& 

dP '( z ' v) = -a(x))P f ( ft u ) + r(^)P* ( % u ) 



itl, ^^z^^,#^r^l02^#^i%-f-#St 9 i>( ft 

^(Aw)^K4-u)^:M^|^d-^H^ Ramam Wit, A# 
r 102 4&9LJL 
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Skf^^K 1, Tfr^Jt-fcZ- "Pump interactions in a 100-nm Bandwidth 
Raman amplifier" ( H. Kidorf, K. Rottwitt, M. Nissov, M. Ma, and E. 
Rabarijaona: IEEE Photonics Technology Letters, Vol. 11, No. 5, p530- 
p532). 

1 A3**, J?'J^® 4B /sfr^, £A&ilJ£ 

101 J^At^ 104-1 >M^fct*&*£ 104 4U*|<*», itt^ 104-1 

104-2 ^flq, **;fct^& 104-a-l 104-a *U»J X :fr£;fct3£# 104- 
a -5A#-4fci* 103 ^^^>^^-f-^iliis&^^- A 

S4B t^^-f^^^^^JL#*^A^^^^. 

0 nl= kf ^-i>(z)rfz ...(^3. 2) 

$t&&, JP(z)p|L^:-f z4*#ft#A^, k;M^k=lA., 

jM% ^J>^#^^#iiA#^^ 102 

JUfcjfrfMfrJM- 102 fe&jh.$ft«Mfi#. S^A^IN^S- 102- 
L2 ^#4£^ei^^-f-^^^^A#^^ 102-L1 102-L3 tf#*E 

102-L1 102-L3 #aL#&-fc&-& (+D), rft^-=i#&- 

^MM02-I^ (-D) »t, 3&:fc#&-fc&-fS: (ps/nm) -!?*E 

& (km) 4C/5fr^. jUMMt, Ai£-ft&£fe#£^&-fc 

«Mfc^#©il&*fc#i&^, £t, 0 H LI 4L|5J*f;K & 



HHHtlft, # — &#$£r» 102-Ll 1(0)2=0 
6$ It* &3fc ( -D X « # A* 102-1L2 JL^je^ ( +D ), 

&-&&-ft«M^ #>-R>^, ^*Jt B2. SOU -O, 
L3, #ls^#*^#ii:^^T^>r^^^^Bt, 

Dl/§1= Bl/§2= B3/S3, ei-Ll+D2-L2+B3-3L3= 0 . . . ( ^r^^ 3 ) 
Q 3 4A, 4B. X 4C M+MAAft 

© SA» SB, SC. ^ 5B J*jfc#4frA*tt4Mt##. ®& 

$ BMF, i8 ^ 
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4g*M_xt =.*h£^# DMF tkftZtfttf). * — #rt^ ( 1 ) # DMF 

* ^ # — jfc JL*# fcfttt « -&#f\ Jr^" A jfc-fc fcfctf « ^jfc 

jMtaiiJP^ifclf. AMUR*, £*4IURt. ^— **fJ|»^*#fJ8* 
fi#'&#;fc£f, JL«fltt*Jfcfifcjlfc#|*. *-2.#MM (&£ 3) ft DMF 

^£ 1550 nm Ji 



4L1 

jfcfrfrS^jfc*H»#'M L *fc ( L1+L3:L2=2:1 ) 





ML 








Raman 




Rayleigh -fc 
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(dB) 




MmAV) 


( W" 1 ) 


T (m l ) 


*- 


Ll+L3=68.7 


+20 


0.174 


110 


0.56xl0- u 


2.9xlO" M 


5.8xlO-» 


*- 


L2=31.3 


-43.9 


0.274 


20 


0^6xl0- u 


4.0x10-*° 


25x10"' ! 




100.0 















3) <f*i*»4|Cjt. 100 km. &JR4L 1 t#4HM* 100 km 

20.5 dB. # (£g l, ^ 2, *»«| 3) 

**##Nfr# t, >S SA^T^r, W^^^M, t WDM 

IT-f-i&i±* DMF #^^( *p#*|- 100 km ^ ), % 1550nm 
-h^^^l. WDM + , £ C 1529nm .£ 1569nm # 100GHz 

«Jt£t&ffc WDM j&'fM-st Raman &*l#&-£Ji, ^^Litib^^ft 



15 



¥l1K&. m SC ft tt#4^#4&JE*# 100 Ikmm s ifom§B&s 
*f^^#$UE % % 50 Hern. 

&3f2k&mfem <S M.m 11 Jl. 

(4Htal«f-f-J*4lL) ^^^#^r^^jfe#--f-^^^^ih^^ 

Q 7 Raman 

®$&®2%,m, Raman ^/&Jt**Ma£&*. 

ftl 10A ^ 10B §NR if Mamaim ^/«Ji.$i 

© ll^.#^l s 4-^^SNM^^jfit^^^te^g^#^ Raman 

i&JLal 7£JI 10A#* 10B, J|.*#«>X£A^ 100 ta Bt^#^l 0 

B 6 f*)**4t4bFisi ton 4 ^#JH^4.^^# 
fe-JUl- 102 OL dBmm |7f s TfttisM 1 -**.** 

dB 44M*# Raman *f-/:£Jf A, «^#il$r;M^ dlBm 4 3bW 

@8t. Tifc^>MM*;M^ dIB 4 Mamann :7f7&igiL, 
A«YjLft4^ttdB*^#jfcSNR. B9+, T^jMNM-^ dB 
4#>&6§ Mamaann *f-/:&4f JL, i«j#J:&;MMB#. ^ 10A jfc 10B T 
*74»*"f-ft4fc.^£( dIB Kannnann *f-/£Jt&. ^^#JL^^tf^ 

dB *.JMfc«)A SNRo 7 5.$ 10A 10B +, Jift?4-*^4»:MMa 
2fr*#JL„ itJt, ftXpt4.£X& Mamann *F/£JtJt. (dB) BfriK&ftMJt 
&(dB), 20.SdlBo £ 11 t^^MM*;^ 

«2Bm dB 4#.<&$i;fc §NR 0 
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* SNR ^T^^^r^ 4if#. 

Optf ca/ S7VR ={OpticalSNR^ + Optical 'sm£ FA y 1 . . . ( 4 ) 

Optical SNR DRA Zl® Raman SNR, 1^ Cfert/ca/ 

Raman ^-/^^t^-A^^^jt^ (^f) l*#JM*Jii**A.%-f -5* 

@6^&^®, 5C t«tt«-f t^@t. 

( ^ 2) ^L'K ^ 0 km J. 50 km t> ^#^##'&&>Mi 

50 km ^ 100 km #*Rg t, ^#+^##»&4bfc# 

km, Raman ft ft ifi. 

AL® 1 *TWlt1t*M, *$L&ten Raman ft/£%M.mt#l$Lm&$ 

^ 3) 4****., W-#flt. Raman ^JfAjfe 

fc#^'J£#3t;&iM*JL Raman 3f Ji&£t*L#-D ;fc^g&£JL#2L3b)t 
&>Mttft49&rt( 3U£;fc3&iM-#*L#E ). © 7 t Raman 

*F7£*t.*# 20.5dB 6. #T&#*t#«lfrA 

ftBt, £ Raman ^/*3fJMs«Bj*, ^® 8 T^Jt^ife, SNR M. 

*-#MH* (*« 2X (#3* 3), 

* ( £2> 1 ). 

t, ^^^^-?-it^^Ps4^^^Pn4LJfcPs^Pn^:5L ( H*. 

ifc SNR ) & SNR. itJL*M jfe,^^ Pn Raman 
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6§&iL4&# (ASE) #*Pe4Lifc: Pia = Fr+Pe 0 Mmmm 

Rayldgln |t#-f-i§t^ f Ifrt/ft-f-jf #H4fc 0 

RanMffliai ASE ^$Y^^P&<, 

$ + Pun &:$L;$ i it ManmiaiDi Pr, ASE ^ + Pto» J* :=.*. M&jMgk 
-fUtjfc*fr4Pd4L$»: Pnn - Pit + P© + Pdl, ^ife §NM 1UUb 
P§ 4 Pm Ps/Peu 

* Raman ^A&^iMgjSi M>BI § T*&jftf?, ^JUUHMUbt 

*HMK*«3X 

^•f- it— 10A ^ HOB ^LK 11 ti*J%Bl jNf&frg. 

9 10A 10B ££ift&ifc*NfrX4fr4 L , tLM^HfrJLT, 4£4MMa 

% -f - ^ =2 dBm JL* Jt4HE.*ff A N- lb 4* JMM&*4L 
^if^ RfflyMgln t*y*«*^iMMMl ( n ioa ttt); 4*9] 

A, 0.5 3,jt*:ft&*i"*#&&K ft (ManmfflHn *f7&t&*&£ io dB 

#J&*h& M&yldgfo ttty^tt-MN-JMHi- ( m 10B tittX 

MA, ^M2tt-^tlUft&4tAit8NR. *AfetiH0 ( £fi l *»* 
3) tiJtftA SNRatft. fWih»HM2tft 
il^tfe-^-H-^ Mayldgi ♦ It^AA. fl#9JJL*b&, 0.5 
J. 1 ^Axj-i^ACn ft ( MfflmaM *f7£Jt&*$£ 10 J. 20.5 dBX 2 

n ii m tM&m&^^^m ioa iob « 
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XffLiM.fH ^+27 £+30 dBm. 4M_*i"*£ 2, M.f&*&i±&m&#>£ 
ttXfc&i£1&$Lftfr^m-&&}& SNR. 

m&» Raman ft *»8mL#£ 

-£6*fi*4ftJL*, #i«^fc**Mfett>8ML*, *~#NHM*S 2)*. 

®12^&i£@, Alb##^tt-^ii8r^«§OL9. 
© 12®A^BHSift^„ Ate40Gbit/s#^ (RZ) ifc-ff-f-, 
100 GHz R lift. &+4 dBm/ch.i*fe^fe+, 
(*£l. ^2, *&&3) ^600km#^(100kmx6 

12 2), £&4Ht4* 

jfc SNR. 

MM**, ^UhJ&flMt. (L2) J|#-*lf^^ 

*A ( L1+L3) fttirfL L2/ ( L1+L3) 0.5 frHJHP%91«*. teA, 

Mi^M, 

£#fe#4t4L&4L2 A.4L2^ A*&#4£jMt-flbt* 1550 nm 
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*2 











&-*t 










(1/nT 1 ) 


DCps^un/km) 


(ps/nm 2 /km) 


fl- 


55- 120 


2xlO- M -3xl(r 10 


1.7x10"" - 5.5x10"" 


Dl=+8~+21 


0.05-0.07 


at- 


15-45 


2x10 " ~ 4x10 " 


4.4x10-"- 26.7x10"" 


D2=-14~60 


-0.03--0.3 



^T^-^lC^^IbJ) felt* ;fc£f-fc& 

(L2) J? #--&*f (L1+L3) L2/(L1+L3) *^TJ^ 



L2/(L1+L3) « -D1/D2 

L2/ ( L1+L3 ) = -D1/D2 = 0.17-1.5 

Raman *#f-^*A L2 jt^#*J, ^3- 

JWiMtftt*..**, #^-*^"jfeJt ( L2) i?*— **f*&&*£ ( L1+L3) 
ft Jfc#. L2/ ( L1+L3) 0.5 J. 1 . 

0.5 H, *~SM&a&M, T &&&&&& J$Lt£3%t*M. 1 # 



£3 

%--jfc^fr3^jfc*ftt#fe»&L ( L1+L3:L2=1:1 ) 











# A 4k >& 


Raman 




Rayleigh 




(km) 


D 


a 














(ps/nm/km) 


(dB) 




MmAV) 




T Cm" 1 ) 


*- 


Ll+L3=50 


+14 


0.178 


110 


0^6xl0" u 


2.7x10"" 


5.8x10"* 


£~ 


L2=50 


-14 


0.230 


40 


0^6x10-° 


3.3x10"" 


15x10-' 




100.0 















13A#»13BJi. m 13A^ 13B $0,® , £.93 & SNR 
5 Raman if 5. & £, ^«*4ML#M* 

Rayleigh f #,^#-^#£1^ ( S 13A 13B |ti^ 

#;fei*hJ#i£&©F*3 ( Raman ^f-/^it^^ 10 dBi££.*.), 2 ^ 

#;fcSNR, Jfc^te*^ (&g 1^3) #*SNR*Nl&. 

-fr^, ^J&if^ Rayleigh ( ® 13A 13B t>& 

£U 2 *^t^****.«** SNR, 

« 1 *»*f! 3) SNR 4ft. HJb, SNR £#30 2 

fMtl£#, it^iM-fl"*. Rayleigh fit Bf-fcAA. jfc*K £^0.5~ 
1 tt#!*i-#JU£Ert (Raman *f7:£ifii^;# 10-20.5 dB), ^ 2 ffr 
^ttASNR, *£fetiHP (#« 1^3) #;fcSNR4ft. 

Jl£.*JM£93. £;fc£f-fc,£jfc L2/ ( L1+L3 ) 1 ^^FA 0.5 Bt, & 

4L9I S L2/ ( L1+L3) A 0.5 ~ 1 Bfr, 

;Mh##&-^&# Raman ifc;fc#<I£, « £L#*fr & 
(L1+L2+L3) &%*8&ftfci%&.lkj$if$, 

i£— &. 50 km «*#4frJMt4Ut&fr«UR. 

® 14A ifr 14B ® & £-fci£jfc L2/ ( L1+L3 ) #j 0.5 JM#-#-^J&-fc&^ 
100 km ^ 50 km Bttfifc SNR. ® 15A ^ 15B 12/ 
( L1+L3 ) 1 JL4Mfr4*--£&4»X** 100 km ^» 50 km Bt^it SNR. 
® 14A ;Zt 14B 3* ® 15A 15B Rayleigh JUWA # 

AUt£® Ji£&, «fl2Mf 1 SNR, 3 SNR 

jL#T#-,4&8^ 1#»^ 2 tf^jfcSNR/M^&jSI-- fc-f-,**:^ 100 
km *##&-lM£*M£, 2 ftfg^£Mtf4fc#TI%7. BJtflUt 
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fcJL, if tt£ 50 km Ait**, J&Mb^&ftM^Jbttifii 

*«*-*j&SJ!Jif 101, &t*# KM* #>&#$:J£ 103 

H17*##H. ®^itm#f^t^^^^o H17+. **. 
C ttTH^OS 1 ) 211-1J. 211-mm, *-H*/ 6 £.— , 

>h WBM fitf^^to ^*]£*HtilMUL<ftjL m 

OS 211=1 J. OS 211-m, mm <t*&fr-9-. « mm 'Hfrff-5-j&J& 

$L MUX 222 WDM -f . 

OS 211-1 OS 211-m 4s •f--94Mt&S, 

£^;t«Ji *HM)&. Madh-ZeDiinder f?*.* 

WBM &4t-f-fi§-i~- C iUM WBM &#-f 

1530 nn]ffl~ 1570 mm. Jff&$sfc, a£#&4&;akg:, S*"iUfc ( 1450 nnm - 
1490 mm X S Stgt ( 1490 mm ~ 1530 mm X L ifcjfc ( 11570 mm - 1610 mm X 
L + ^l^ ( 1610mm- 1650 nun). 4^£&&:£n^;M*£.&&H, 

MUX 222 OS 221-1- 221-m ^^JL/S> JKU&ttft 

MUX 222^$^ WBM , ttJOMfrd'SC «TH#'aPL' ) 223, 
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— ^tk^&k^&t ( £lTff#TD v ) 226. 

CPL 223 ^-f^#it^^>h^-f-, #4frfti*ft 

PD 226*jfcfe*M«, fcJM********/*^.**. p D 226 tfjft 
&SlMM&.ft1k9 ( ftTHrA/D') 228, MJURttxtt***^**. 
A/D 228 6^%^iliJ.t^S#-iG ( ^Tj^^CPU 1 ) 231, *»/8 -f"H*^ 
#»*t^##:*t;g&. »A.£Ait^^ 240 ft WDMpt^t-f-^^>V^^, 
& PD226&&. 

jfcfc*^240**tttifcifc*<fc*» CPL 241 3L 243. # 

*t*#f ( iXT tift'EDF ) 242, t*- ( atTHfrLD" ) 244 >2t 245, 
#>LDS!i^fe^246. ***4.-##Ait*-, &7G%&^ A Er, *-f 

fc^&ik^ifr 240 6* WDM ifc^^-, *«. J. CPL 241. LD 244 * 
&#&;fc#:i&J.CPL241, ^3L£ EDF 242 

*» Fabry-Perot *NMIft&*» ^ Bragg 

CPL 241 ^C^-^^^:^^ 240 # WDM MMf LD 244 Jfr A tfitfc 
^4cJ-^^^-f-|^^EDF242. LD 245 4frifc CPL 
243 tftS^M- EDF 242 # £ — i&. 

EDF 242 sUfcM. LD 244 ^» LD 245 Ifr & ^ EDF 242 * # 

^A&-?»ftiult. £ WDM £^ttv^#A&?4^#4* EDF 
242 Bt, # WDM jfc4f EDF 242 1*3 fcWDMMf 
ii*L. Qjfc, EDF 242 4^«*3frftJi*UUM*. LD 244 245 

4J3i=- EDF 242 #3l>£;fc&, ^i»£Ati4M&-&*ttt&£ EDF 242 
ti&J&aUUi. ^^1480nm. 980 nm. 4f>4f. 
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«Hb»&*t*4lr«r<Ndfc #(PrX. 4* (TmX ^MF. 4^L«DI^flL 

IJ> 246 4fr* 4*^4*-$- , ^J^J.LD244^ILD24S«, LD IK 

246 M^m-f LD 244 245 tt&fraLA, ttttJUUMfeS*. 
-fc. LP *4frfe4-2464*dHMt CPU 231 W£#Mf-f- s iH^T LB 244 
24S ^I£#I2§L&$;&#^, 4li&tt4ijfeit&J|F6' 240 ^ 

i& JUS 

m 17 ti&ft*.^^ 240, — iMMt&*Mt*. WDM 

-f 4M^&tt*IM^'4tJlM. 240 

^l^&^^^^-it^^, Ait*.** A 

tt£&Ati&&A-*4% *fe£&A**ibti&it&tt4t~A**.£. 
£*Jbtt&ttjt**.4p6' 240 t, ^A^AMitA, #J9£jfeit*. 
-sp^ 240 ft*****, &«£J|C^4^&JI::fc.S'|'-M¥, «Aifc*.# 

4- 240 *** ft fe*-. f&$£&&Ail+-$1fr. #*?iir*iisfc+*AS. 

A*, «TJt**U«**, ^^^^A*>^A^^*sfe, H>J-% 
^A£j**gj&Mt1F*&A*. 

240 WDMMf, $t*tL J-iiyB^>h*>V&$Efc-fc 5. 

ffi^MlMi^^ ( &T^#*W=QPL') 224. 

Htf, — ^*»J»lT&^&&^*ft**«* OS 229, /t&jfcJHfcflr 

&JU&i& 101 WDM &#-f*^*$JSife^-o OSC $Li$LM.&W-fr It 

WDM AtiHHU«4Ht. dLl 1) 4H. ^A, 

tt*nLf-feOSCftJL£ifc*MUL. 44**, OSC i£jL£. WBM A 

OS 229 t/'&ti OSC^s&J. W-CIPL 224« W-QPL 224 ^faikkM 
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240 tk &#}VmM&M[f% OSC £-&-£J? OSC 

m#] WDMMf, CPL 225, i*t>Mf--f . ^tf4g-f-4L— 

PD 227, ^^-^T^ib^ilii* 101 31 j£;fc#&-i£jEg. 

102-1, *4hiLKlJ.T— MAtM 104-1. 
PD 227 *f*X*3ttf jfc%*Mfc, -B.££rrfi£ A/D 230 t##4Mr&^ 
CPU 231. PD 227 101 WDM *rft 

CPU 231 ^ A/D 228 230, LD m^J 246, 232. OS 229 

&M/M&lL±XMm#L4t* m A/D 228 A/D 230 

CPU 231 ik®&jk&l$fr 240, #-&#83:#4f Jl, 

CPU 231 A/D 230##-tfi, IMAit 
^i*10l4fr&# WDM;fc#^&fc^S ^rfj^-^>fr45t^OS 229. 

tL^&m*. OSC t> ^^A%-^#4ia^T-^ifc 

io4-i. 

#4*3£ 232 *t-f -*4MH*«. 232 

*H£^&, MUX 222^ CPL 225^/5J#£j&Ak.>5\ 

& -fcldK T^ifc EDF 242 ^ CPL 241 ^f5J^ EDF 242 ifr 
CPL 243 ^f5J. itl^^^^Xihib^— ^^i^i£it^^#-tp#-, 
«** Faraday ^#^^^^ J tfc>fe# 45° ^ X>t^l«I^J^- 

101 f*3, it^^^^^jL^^^iBj^^^^iL^^jL 

t&-blw&**&& 104 

S18^:^S, t&ttt^tiJiirtt. 18 t, ^ 

102-1 WDM jfrff-f, W-CPL 251 IfrA CPL 

253. 270 *Ai»MitiUl£ W-CPL 251. 

&ffi&%.$-7G 270 102-1 f-^MT Raman 
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$L$l$l&iM&, ^#-it&#, W-fr, W-CPL 272 273, -8I#.&4L^4l 
B( ATff^TBS')274 J. 276, LB277 J. 282, ttJl LID M fc*. 283. 
LB 277 4fr& $8M,3t&> LB 278 4fr & ti$&&, $L£|i& PBS 274, 

IMfcAfrA. A*A-*£AjM«*««JM*«***. !*)#, lb 279 » 

&m^L%ufa LB 280M^fefc, 4MUfc FBS 275, JHt&fef&AfrA. 
^ LB281$lrsfefi$fcM*0>282^ife^$kfc, #JgJ2t PBS 276, 

*. PBS 275 #.^4^4&/^A^fet, ^ PBS 276 #.^4Mfc/^A^$t 
jfc, ^X W-CPL 273, Jf-fe&ftltift-JtJU!. W-CPL 273 A jfe-Jfe* 
*J8tt3fitjfci§£ PB 274 rt*ft4Mb/-^A«*tfU&, 4trA. W-CPL 272, # 

Jfifc-tJifritltJUB. 

* W-CPL 272 A W-CPL 251 

&#-||-^2& 102-1. #4&A4NfrlM- 102-1 J8#it*.4hjr, ^ WBM 
y ft*-f"s^.# UStainam ;§t*o 

it-E, * TIE. 1529 mmm JL 1569 mm Jt-£#-|-&#--§-fi§ WBM 
i&# Mamaim it*., LB 277 J. 282 ft*)-?-, LB277 

1422.0 num. LB 278 f% $L$Lik%.%l 1426,0) mm, LB 279 6§ 
1433.0 mm, LB 280 1437.0 mm, LB 281 $j$t 

1459.5 mm, LB 282 ft 1463.5 mm. ^#ji^J^ — 

#^t-^it^:it,ii#Ea!maim^*Bt^t^.^.^t^^^i#. s igiite LB 

277 J. 282 fc£3t££Tr*t jfc-fcji, J8 &^**|'*t-|t4*aut&& 

4f Mamam it*, tit^&^L&S^ 1529 mm 1569 mm ± 

#A**J:.ftAti#*. it***<fejMM*#, *;MLflH*flL-f 

LB MfeJ* 283 W&&Mfe^r, 4*3 4UL LB 277 J. 282. LB 
283 M "V LB 277 J. 282 0*^ta§tj&^#.^&-St. j& 

*K LDV^^283^MCPU261 ifi&M^, ffi ~f LB 277 M. 282 
fiSIMfrfeSt., &Kamamit*^Ji#fi|4£<lNo 

AMUglb. & 18 t 270 &4t,$S:fea^>h LB 277 J. 282, 
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^ CPL 253 WDM ff4H»-$-. ^^-f-^-il 

J. PD 256, *h%—+M $LM- W-CPL 261. 
PD 256 tf#Ajfcifc#*fc#*, JL*» A/D 258 t*#*#&* 
CPU 261. PD 256 *tH*Ajfc + «Jj?tf WDM 

W-CPL 261 fe OSC itife^ WDM JU8, & OSC Jfrift 

( ttTffft'OR 1 ) 263, Xfc WDM £4M-4fr & J.*rffr-5-*t 
262. W-CPL 261 $,jh&-£i3t&£ OSC WDM 

OR 263 #*t^f^S OSC, ^ OSC f #.ftj&4*ft&, # 
GPU 261. -f*, GPU261fM*J£OT~iUI^4Ufcl01 

itd*-*-****, 262 MjbtM 104-1 it*. WDM -fcft-f, 

CPL, ffif^WDMMfM^i, — **43MNE*fc^, fl-HEfc 
CPL^-rf}^ WDM^-f-t^^^^", W-CPL, tflNcJMi 

A.*tJt,-fir-f-#xjfc-flr-5-4Eifc-*p^*ift«§ WDM^-f-t (£j*)*Ue&# 

**li;fe*****Mtf«*fc* daT«#'FBG f ) AJ^iGA. FBG 

^d^T^^>itT^3l^ (AOTF) ft*&^3gL>& 
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^^^.m.^^2<s2m^m wbm ham. w=cpl254 0 

ft®, OS2S9>*&OSC, &, OSC iHM. W-CPL 254. OSC ML 

'? t 104=2 ^rsfe^r WBM iUtf-f &$$fr rf? % jjl o 

W-CPL 2S4 fcm^^ 262 WBMMftfc J§ OSC 

FB 2S7, tttifr 104-1 & 

-*J.T-k*t«# 104-2 ft**, ^J.it#^r^Ji. 102-2. 

PB 2S7 * «*, JL««^ A/p 2m ******* 

#-f-^, CPU 261. PB 257*4** *# 104=1 WBM * 

CPU261^#J.A/B258,&260, it#-f^^it262, m$>% 1262, 
OR 263, OS 259, ******* 270 *IJ>«*«* 283* 
^^^JKiMMt^ o CPU 261 ** OR 263 ^ osc Iff-t 
**** 101 «$**«•*, £ A/p 25® ft**, m m ^ 

** 102=1 ^sfc^s§it%-f 

f]&J&igJ£ 101 CPU 261 3#> LB 277 J. 282 ^4£^& 

***>»***..«**--*, **x«*-*jt£*auu* ioi 

+ *. CPU261»«U277A282i»««%MAIIMA. CPU 261 
^ A/B 260 **ft, *«*##**#«****# 104=1 WBM& 

*-$****■*, 4&«tt-A«=f«4^os2S9, #fett*jfe«JHt4 

OSC *, %+****T-*** 104-2. 

1262 -fr*****)** **J(Lit 270 ***«*, tf,8L£# 

**3**4***ff***, &&&& Ml WBM *|£ 

■f", JM-JL*it£***** 104 **, &Jt#Jfc##tifc 103 **. it 
Jt, ****** 104 41 OSC *«*--***«« 104 
# £&&*]£**** 104 ******* 270, *&***** 104 
-**l!l«-*4|A. OSC, ^^^t^ife^^^^it^T-^^t 
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104. 

Tft, vLW&&t£?li 103#&#. 
®19JL-*-g®, t&j£$L&&j&#. 
£® 19 t. >Wi-£Ufct&# 104-a, 102-a+l &itU. 

103 WDM it^T-f-, M W-CPL 291 SiJ. CPL 292. >Muf 
;fc&^297*frife#3u'£;fc, ^ W-CPL 291. 3Uf;fc&#-7C. 297 A— 
fl-f **4MNM- 102-a+l tIKLM, Raman &k 

£TX CPL 292 # WDM XAt-fik.fr* m+ft*. fr-fr&j4t-f^—i£ 
£.PD295, £->M&ialJ. W-CPL 293. 
PD 295 *ttk^&3&4t&*>&8:, JL*** * A/D 298 +*t*M*##:^ 
Si J. CPU 299. PD 295 103 ft WDM 

W-CPL 293 OSC &-£J? WDM Aflr-g-ftJLA. *S OSC OR 
296, ;?Ne. WDMJt^-f^Aj.^^^294. RA, W-CPL 293 ¥j 
Ajt^ft^E. OSC Sfc#J| WDM jUbt.H. OR 296 

StOSC, ^OSCt**JM*#&, #fe&#tir4&*»CPU299. -fA, 
CPU 299 ft^ftff*-*L*itaiifc 104-a t*«h!|fe+. 

fr 294 J) -ffc WDM ^*ifc*Mf jfci* jfcfc 

17 WW^ifcA*.^ 240 #*SJ**, Srf&itiUj 

^Jfcifc*.-*^ 294 * A ft WDM **i*>1SX« * ( «T« 

# DEMUX') 301, atfcftJLfi. DEMUX 301 *L WDM 

-fTf-, frm*LM. OR 302-1 J. 302-m, OS 302 

-jfc.&'M^, ^jfc^^t; -J^«rifc*.»> ItA****-* 
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CPU 299 M A/B 298. 297. AAA.** 294. 

303 *41, «ft*/«.!t#|tiJt.aL«*#-f. ara299**A/B298<H 
4frsfe, 270 t<$ tB>«#<fcJ|. 283. 

303 #«4« 297 «*««*. 

**** 103 *-«WUUU»jl«««H**. & 

* 102-L2. 102-L3. 

** 102 = U 102-13, *}*.T«UII*«ifc*f, Af - 

***** W>2-lt2 **»T#JfliHfc 

S20A. 20iB#>20C£«R|, »*#*«##*§#-f 
ffl 20A t, (rl), ****4tttA*«i 

«*JL* (r5) A*. ( rl > rS). 182-L1 ( # 

102-13) W2-1L2 fcf. 

***•■ 2 « **. «*. =^#^i^^ 

^ T4Mft&«*««. 102 «#^»-ifc#»ft». khi 

102-13) *4it*fc**f^ J}*-^*,# 
*** 102-L2 d^^^-tt^&A*^, 
* 102 

ffl 22A^22B**#a, a**^AS4'(i:*^^^.®,*^*B 22A 
*-22B, ***/»«* Ul-A «. Ml* *f 
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m WDM jfcflr-f-, ^^/JtSiLSltf WDM 

112-1 M- 112-a+l, lii-A 

lll-B^|8j#^iJi^ WDM&iz^&fift&%L^fr%tfj&2f( 22B 
t# 122-L1, 122-L2. 122-13); #>Zl#i£Ts£ WDM ;fc4f-f-JLtf# 
&;&*L^>f #:fc£f ( 22B ttf 123-L1, 123-L2. 123-L3). 

j&*N ^iSjitil^^^t, ^it^l8j^#^t^(^© 22A 
t#.t££# 114-1 M. 114-a). ^^^itt^i* 114-1 .£ 114-a 
112-1 J. 112-a+l 3Lf5). 

45-*t*# H4-1 J- 114-a i£*t^^^it^^^)titi$, Al-f^ 
^ifcifc*:. ^© 22B #r^, ;fct&# 114-A J. 114-B J&#^^ 

4fe*#|4p. it t^i* 114-A fe^^)fife,^-fx, 270-Aa ^» 270-Ab, 

m4MMt**jk*.x* nft, 114-B 

ic 270-Ba 270-Bb, **«lt«^4rj|yfc*^f-^*ji*. 
7C 270 i£1^i3ti£;fcJu&/#>Ifc# 111-A 111-B t. 

^JL^r^, ^^/#*ti* 111-A m-B, &$jQ 101 ^ 

103 *-t*H*., 4^*t«* 114-1 J. 114-a, 

* ^ ^ £ ^ ^ fa JL^ JL # & 

^@22B^, ^Ji^WDM^-f-^it^m 

122-L1, 122-L1 £^JL#*#;fcfe#3£~;fc^ 

122-L2, *>J§|^;fc£f 122-L2 i£#J^*#;te$L#35iL;fc£f 122-L3. 
#— *#f- 122-L1 J*it£ WDM ifc^#«-^-TS}Ji^^ibt^ 114- 
A |5jL££f 122-L3 WDM ^*##**T*M*tt*t 

Mi* 114-B 
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123-L2* #>i§$— 123-L2 &*JMN*4MMIL«*|t.S.&*f- 
123=L3o jfclf 123-L1 *ib& WBM J^*#ft-^tf9.L#4ti£f 
4M 114-B 123-L3 WBM A#-f-#%# 1%T^ 

^A£f 122 $» 123, ^ii. WBM WBM %M^$M 

Ramaa it*.. ab£Mt* *»$JfcttA$Jtft, ft$;fe|g*| 

A*. #f" 122-L1 ^&&Jf&£f 123-L35 ^£ 
*#f 122-L2 #§&&J§&Sf 123-L2 122=0 
^^,#f 123-L1 ^ft^#J#&&ifc;te^, J^r^^it^^-f^J 

f-t^S^«S^#4£^, %fe*tfM&*NfcKftit&ti***ft. 
f JMT * -f f 
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&*f*L&*L1*&to ML* & 

il-K-ibSNR. Bib, ^#^^3f>#rt:t^*t^^#^^^^. 

=-it^f 102-LL 102-L2, 102-L3. — ^, ^#-Ak, 
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